
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 354 638 

A2 



EUROPEAN PATENT APPLICATION 



y Application number: 89303960.2 


(y Int. CI. 4 A01K 49/02 


\g) Date of filing: 20.04.89 




Priority: 11. 08.88 US 231217 


Applicant: MEDC0 RESEARCH INC 


29.03.89 US 330156 


8733 Beverley Boulevard Suite 404 


@ Date of publication of application: 


Los Anaeles California 90048f US^ 




14.02.90 Bulletin 90/07 


© Inventor: Mohuiddin, Syed M. 




12531 Shamrock Road 


® Designated Contracting States: 


Omaha Nebraska 68154(US) 


AT BE CH DE ES FR GB GR IT LI LU NL SE 


Inventor: Hilleman, Daniel E. 




1424 South 133rd Street 




Omaha Nebraska 68144(US) 


• 


0 Representative: Myerscough, Philip Boyd et a! 


■ 


J.A.Kemp & Co. 14, South Square Gray's Inn 




London, WC1R 5EU(GB) 

« 



© Use of adenosine and its derivatives In diagnosis. 



® The invention comprises the use. in the preparation of a diagnostic agent for parenteral administration to 
humans, of adenosine a functional adenosine receptor agonist including l-methyl-2-phenylethyl adenosine, 5- 
ethyi carboxamide adenosine, cyclopentyl adenosine and 2-chloro adenosine; a metabolic precursor or by- 
product of adenosine including adenine and inosine; or a phosphorylated derivative of adenosine including 
adenosine monophosphate, adenosine diphosphate and adenosine triphosphate, The diagnostic agent is used in 
detecting the presence, or assessing the severity, of vascular disease. 
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EP 0 354 638 A2 
USE OF ADENOSINE AND ITS DERIVATIVES IN DIAGNOSIS 



BACKGROUND OF THE INVENTION 



Several invasive and noninvasive techniques are used to assess patients with known or suspected 

5 coronary artery disease. Included among the noninvasive methodologies are electrocardiography, 
radionuclide angiography (first pass and equilibrium studies utilizing, for example, technecium 99 m labeled 
red blood cells), myocardial perfusion scintigraphy (utilizing positron emitting radiopharmaceuticals, for 
example, thallium-201 , rubidium 82, nitrogen-13). and echocardiography (M mode and two dimensional). 
The manifestations of coronary artery disease are a function of the balance between myocardial oxygen 

;o supply and demand. Although these noninvasive procedures may be performed in a resting subject, there 
may not be sufficient imbalance between supply and demand to detect abnormalities at rest. Therefore, 
provocative studies are frequently performed to improve the predictive accuracy of these diagnostic 
procedures. The most commonly employed provocative (stress) technique utilizes a standard exercise 
protocol. Under conditions of exercise myocardial oxygen demand is increased to exceed supply. This form 

75 of stress testing is commonly employed in conjunction with electrocardiography, radionuclide angiography, 
myocardial perfusion scintigraphy, echocardiography, and contrast ventriculography. 

Recently, provocative studies have been developed utilizing pharmacological techniques designed to 
increase myocardial oxygen supply. Specifically, coronary vasodialators (e.g. nitrates, papavarine, 
dipyridamole, etc.) have been used for this purpose, although none have been approved by the FDA for this 

20 specific indication. While the mechanism is not clear, these agents may dilate normal vessels to a greater 
extent than diseased vessels, establishing a shunt or "myocardial steal". Pharmacological provocation may 
be particularly useful in patients who are unable to exercise, and may be equal to or superior to exercise 
provocation in patients capable of exercising. Furthermore, since exercise increases demand and coronary 
vasodilators increase supply, it is possible that the highest diagnostic yield will accrue when they are used 

25 in conjunction with one another. 

Coronary arteriography is an invasive procedure which currently represents the "gold standard" for 
confirming the diagnosis of coronary artery disease. However, this procedure only establishes the anatomi- 
cal severity of the disease and provides little information concerning the functional significance of visible 
lesions. Furthermore, small vessel disease may be present and beyond the resolution of currently available 

30 equipment. Recently, in an attempt to establish the functional significance of coronary lesions, coronary 
vasodilators have been administered by intracoronary injection or intravenous infusion and coronary blood 
flow is measured by one of several techniques, such as doppler flow catheters, videodensitometry, coronary 
sinus thermodilution. and radionuclide clearance of inert gases. These techniques are becoming more 
widely used to measure coronary flow reserve (i.e. reserve capacity) which provides important information 

35 concerning the functional significance of stenotic vessels. Although nitrates, papavarine, and dipyridamole 
have been used by some physicians for this purpose, no vasodilator has been approved by the FDA for this 
specific indication. The use of adenosine, 1-methyl-2-phenylethyl-adenosine, 5-ethyl carboxamide ad- 
enosine, cyclopentyl adenosine 2-chloro adenosine, adenine, inosine, adenosine monophosphate, adenosine 
diphosphate, or adenosine triphosphate, in conjunction with the above stated techniques to measure 

40 coronary flow reserve and assess the functional severity of stenotic vessels represents a novel application 
(indication) of our compound. 



SUMMARY OF THE INVENTION 

45 

Briefly, the present invention comprises a method of detecting the presence or assessing the severity 
of vascular disease which includes the administration to the human host of an effective dilating amount of 
adenosine; functional adenosine receptor agaonists (e.g., 1 methyl-2-phenylethyl-adenosine, 5-ethyl carbox- 
so amide adenosine, cyclopentyl adenosine or 2-chloro adenosine); metabolic precursors or by-products of 
adenosine (e.g.. adenine and inosine); and phosphorylated derivatives of adenosine (e.g., adenosine 
monophosphate, adenosine diphosphate, or adenosine triphosphate), in conjunction with invasive or nonin- 
vasive techniques. 

It is an object of this invention to provide a new diagnostic method to aid in the determination of the 
extent and severity of heart disease. 
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follows. 
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DETAILED DESCRIPTION OF THE INVENTION 
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Adenosine is chemically designated as 9-0-0- ribofuranosyl-9H-purine-6-amine; 6-amino-9-0-D- 
rihofuranosvl-9H-Durine; 9-<3-D-ribofuranosidoadenine: adenine riboside. 

f,b Tenos- w„e,y distributed in nature. " ™ - 

practically insoluble in alcohoi. Crystals form from water, mp 234-235 . [ a ] -617 (c 0.70b 
[ a ] 9 - 58,2" (c = 658 m water), uv max: 260 nm (c 15.100). 
The structural formula is as follows: 
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C 10 H 13 N 5 04 267 * 24 

Empirical Formula Molecular Weight 

This invention utilized adenosine administration as a pharmacological stressor in conjunction with any 
one o? several ToninvSve diagnostic procedures available. For example, intravenous adenos.ne may be 
Z6 ^mZ l7^Z^ myocardial perfusion imaging to assess the severity ' - mg-JJ 
schem a " 'his case, anyone of severa. different radiopharmaceuticals may be substituted ^thaH um-201 
/« n rubidium-82 technitium 99m. derivatives of technitium 99m. n.trogen-13, iodine 123, etc.). similarly, 
S^^SSld as a pharmacologic, stressor in conjunction ^^^XX 
to assess the severity of myocardial dysfunction. In this case, radionuclide angiographic studies may De 
L^as or oated ecu Hiblm studies of the right and/or left ventricle. Similarly, adenos.ne may be 
dminSered « Tfi£*£** stressor in conjunction with echocardiography to assess the presence o 
egTonaTwa! motion LormalL. Similarly, adenosine may be administered as a pharmacological stressor 
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in conjunction with invasive measurements of coronary blood flow such as by intracardiac catheter to 
assess the functional significance of stenotic coronary intraven ous infusion in doses which 
This invention typically involves *• 2? 20 200 mcg/kg/min>. However, its use in the 

are effective to provide coronary artery d.latton ( pprox mate* 2° 200 J 9 Qf 2 . 20 mcg . T he 

invasive setting may involve the intracoronary o ' *J ^ 9 ab|e M or carriers 

adenosine used ir .this ^^^^^JZ^^^^ ** * 

T^ZZ^^e ZL, in a wideiy varying amount for example, trom 

nVesTd^ S22 cXary flow proximate, ^ 
this setting frequency causes QT interval ^^y^p^J^Sli for this purpose. 

™5c^^ - ' «■ those 

^rnC^a^^^ of adenosine in the prarfce , of this inven«on J-^^S 
metabolic precursors or by-products or conjugates mtendec t funct on as agones of the 



enosine, etc. 
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The following methods; are P^^fSS 2 ^ol "nctiona, adenosine receptor agonists. 
The method comprising the use of an agent wnicn is aae derivatives of adenosine as a 

metabolic precursors or by-products ^^^^Z^ TS m resence and/or 
substitute for exercise in "^^^E SSTmJSdl perfusion imaging is performed 
assess the seventy of coronary arter disease in nurr ' myocardial perfusion imaging, planar 

bv any one of several techniques including radiopharmaceutical myocara.a v » . 

angiography. adenosine functional adenosine receptor agonists, 

cao™, h»p.re™: agent in «»*«*» rift m.ans to mjj-«ng ««, ^ "»^°*2d no. 
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a« «* fnrth in this example the effects of intravenous adenosine as a pharmacological stressor in 
! 1 1S1 J3J scintiaraohy were evaluated, in the first set of experiments, adenosine was 

cZ^ *™ (c— nai) thal,ium 201 scintjgraphy ; t ! 

wmmmmm 
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12 -Iead electrocardiogram .were "^gS^fZ** infusion of adenosine initiated at 20 
standard fashion. The adenosine stress emp.oy mc g/kg/min. The maximum 

mcvavmm. The infusion was doub. ^37^^,,, . sing ,e boius injection of tha.lium 201 
tolerable dose was administered for at least & minu v . p QCtion and 

(approximately 2.0 mCi). Early £.3 Ejection. The adenosine infusion 
delayed (redistribution) imag.ng was performed 3 * imagin g each consisted of 3 sets of images 

was continued to the end of early imaging. Early ^ delayed ^ reconstructed in 

(left arterior oblique, anterior and left lateral P^^The ^J£ w T ££ wche slress images and 
standard fashion. The adenosine ^^^^ ^ion defect detected) in all subjects. 

z^:^^™^^ » in de,ectin9 norma,cy by planar 

ma, rn™: 9 rie,per,ments. 12 Wealthy norma. == d J^S^SS^! 
documented coronary artery disease underwent ^^^^Z^^^^ 
scintigraphy twice (in a random crossover design). One s ud emp oyea py me{hod Qf 

method of stress and the other study ^ITJZZ^Z^ZL stress imaging was 
stress. Dipyridamole stress imag.ng was ^[^XZtrtl well toierated in all subjects. The 
performed as descr.bed above. Again, the adenosine inflwwn was ^ ^ 

sensitivity, specificity and overall predictive accuracy for ^^° f ^ZTZ%. respectively, with 
87.5% and 88.0%. respectively, with a f™ n ^^ and 
dipyridamole imaging. The pos.t.ve predictive value of adenos ina; WW™ » « 

mogra hy (SPECT). In all subjects, only an infusion a*noj£ ^ emp loyed a memod of a ^ 

The adenosine infusion was initiated - £ SSum tS dose was' maintained for at 

mcg.kg.min to a maximum dose of 140 meg. kg. mm. Tie ' ™* 2Q (ap p roxirna tely 

.east 1 minute prior to and 3 minutes subsequent to • ^^SS !m «- flayed retribution) 
3.0 mCi). Early (stress) imaging "^fr?* 5 ;"^^ and recon structed in 

, imaging was performed 3-4 hours posHhallium The SPECT images were a q ^ ^ 

standard fashion. Side effects occurred in 76% of the subjects, du wer * occurred in 53%, 

herapy and ceased instantly after discontinuing the adeno, « • £ ^jJJJ pressure 
headache in 34% and cutaneous flushing in 15%. ^^^^^^Z^^ during 
(hypotension) and reflex increases in heart rate were c ^J^^J^ S ^ eS9 defects were 

o adenosine stress imaging in all 15 patients with known ^JSJall In 16 of 18 
reversible in 9 (sensitivity - 100%). ^^7^^^ Ztt££**« coronary 
K^Sl potrinte^o'lover perfusion defects during SPECT 
thallium scintigraphy in patients with coronary artery disease. 
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As set forth in this example, the effects of intravenous adenosine as a pharmacological stressor in 
conjunction with echocardiography were equated. tomogram were selected for this 

SM „f U-MW. B*~r*W**= **• «" l*E2£, "J * ' * SSI Zm Mr 
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and short axis at the level of the mitral valve, papil.ary musc.es and apex < S"ve and 
chamber and apica. long axis). All echocardiogrpahic ^^J^^ZS^^^^ a " 
quantitative technique, The ■f"*"? 0 ^^ studies 

fnlJfp^ 
assessed by echocardiography. 
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As set forth in this example, the effects of intravenous and intracoronary adenosine as a Pharmacologi- 
cal Xre^TZZL 1 measurements of coronary blood .low reserve (C8FR) were eva.uated at the 
time of coronary arteriography using a Doppler flow catheter. diaonostic 

Slr^«W«A. intracoronary adenosine (4-14 meg boluses) and intravenous adenosine (70- 
SSS iw were administered in crossover fashion. Each drug was titrated to the maximum 

oronary hyperemic response. While the ECG intervals were unchanged during adenos.ne ^Mm. 
SnTvSie mutinely prolonged the QT interval (mean 96 ± 18 msec). Relative to papavenne. maximum 
l^ly^leZonL (4-5 fold increases in C8FV) were achieved ™*»™*J«™™ZTtl 
Hn°V If adenosine as well as 140 mcgkgmin intravenous infusions of adenos.ne. Compared to 

Xel SrT colar y hydremia occUd sooner with adenosine ,10 »»^Z£?£ 
sooner w.th adenosine (37 vs 118 seconds,, consistent with its ultrashort htfHto. The sfcd 
maxima, coronary hyperemia can be achieved with either intracoronary "."'^^S^'^ 
be a useful technique to assess the vasodilatory reserve capac.ty (..e., functional s.gn,f,cance) of stenotic 

coronary vessels. 

ADVANTAGES OF THIS INVENTION OVER CONVENTIONAL TECHNIQUES 
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Certainly, adenosine and the other analogs mentioned hereinabove as a P*™""^ ties *or have 
the advantage over exercise as a stressor in patients who are unable or are unw.ll.ng .* * 
,oad appropriate for the noninvasive assessment of coronary artery disease. R remains to hMri 
. whether these compounds as a pharmacological stressor are superior to rr»Z*J^jL£ 
assessment of coronary artery disease among patients capable of exercismg. Although no coronary 
Sod "or have been approved by the Food and Drug Administration 

related compounds identified above possess several advantages over the other conventional i ***** 
as nitrates papavarine. and dipyridamole. First, adenosine has an ultra short half-life (less than 20 

« con sTas a resu\ its onset faction and clearance from the body are rapid 

perform the procedure is shortened. Furthermore, side effects when they occur are rapidly controllec I by 
reducing the infusion rate and rarely require discontinuing the infusion or treating with theophylline. Second, 
adenosine is an endogenous substance in humans and should not result in allergic reactions. 

^Havmg futly described the invention it is intended that it be limited solely by the lawful scope of the 

so appended claims. 
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1 Use in the preparation of a diagnostic agent for parenteral administration to humans, of a compound 
which radenosine. a functional adenosine receptor agonist, a metabolic precursor or by-product of 

~ ^^"1" administration is intraarterial , intravenous, by bo.us 
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*TZ SSS t-STor 2 where, the diagnostic agent is used in detecting the presence, or 
assessing the severity, of vascular wh jn the diagnos ti c agent is in unit dosage 

when formulated as a bolus for intracoronary administration. 
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